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Purpose: We aimed to determine characteristics of host, causative organisms,
and antibiotic susceptibility of bacteria in pediatric patients with UTI living in me-
tropolitan area of Korea.

Methods: Retrospective investigation was done for the causative organisms of
UTI in 683 pediatric cases treated at Ajou University Hospital from 2012 to 2017.
Patients were classified into Escherichia coli and non-£. coli group, where E. coli
group was subdivided into ESBL(+) and ESBL(-) groups based on whether the
bacteria could produce extended spectrum beta-lactamase (ESBL). Antibiotic
susceptibility of the causative organism was also determined.

Results: A total of 683 UTIs occurred in 550 patients, of which 463 (67.8%) were
first-time infection and 87 (32.2%) were recurrent ones (2-7 recurrences, 2.52
average), and 64.9% were male and 35.1% were female. The most common cau-
sative organism was £. coli (77.2%) and ESBL(+) £. coli was found in 126 cases. The
susceptibility of £. coli to 3rd or 4th generation cephalosporin was relatively higher
than that to ampicillin or amoxicillin/clavulanic acid. ESBL(+) £. coli showed higher
resistance rate to 3rd or 4th generation cephalosporin than ESBL(-) £. coli.
Conclusion: New treatment guideline should be considered due to the incidence
of ESBL(+) £. coliincreased up to one quarter of UTI cases.
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Introduction

Urinary tract infection (UTI) is one of the most common bacterial infec-
tions in children. It is the most common cause of fever without focus in infants
younger than two years of age. It accounts for 5-14% of pediatric emergency
room visits"”. The prognosis of UTI is good in general. However, over 60% of
children with febrile UTI might experience ongoing renal damages resulting
in early hypertension, renal insufficiency, or end stage renal failure in adult-
hood™”. To prevent renal loss from UTI, it is essential to know the pathophy-
siology of the disease, including host factors, bacterial factors, and antibiotic
resistance””. The objective of this study is to determine the recent characte-
ristics of host, pathogens, and antibiotic susceptibility of bacteria in pediatric
patients with UTI living in metropolitan area of Korea for successful

treatment.
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Materials and methods

A total 683 pediatric patients aged below 15 years treated
for UTI from January 2012 to December 2017 were in-
cluded in this study. Patients were divided into five age
groups (<6 months, 6-12 months, 12-24 months, 24-60,
and 260 months). Pathogenic strains were grouped as E.
coli or non-E. coli according to Gram staining, and E. coli
group was subdivided into ESBL(+) and ESBL(-) groups
depending on whether the bacteria could produce extended
spectrum beta-lactamase (ESBL).

UTI was confirmed by body temperature greater than
38°C using a tympanic thermometer, urine leukocytes of
more than 10 per high power field view on microscopy, and
colony count of pathogen at more than 10° colonies/mL of
single organism on urine culture study. When two or more
strains were cultured, the cases were excluded from this
study””.

Urine was collected in a sterilized urine bag or plastic cup
after cleaning the urethral orifice area with 2% boric acid.
For microscopic examination, urine samples were centri-
fuged and Gram stained to observe urinary bacteria and
leukocytes. For culture study, 0.001 mL urine was inocul-
ated into blood agar medium and MacConkey agar medium
separately and incubated at 37°C for 18-24 hours. The
number of bacterial colonies per 1 mL was then calculated
', Minimal inhibitory concentration (MIC) to the strain
was determined using VITEK2 (Bio-Merieux), a microbial
automation device according to the Clinical and Labora
tory Standards Institute (CLSI). Bacteria, more than 10
colonies/mL were considered to be significant as causative
agents of UTL.

The antibiotic resistance of E. coli strains was analyzed.
Resistance rate was expressed as {(Intermediate+Resis-
tance)/(Susceptible+Intermediate+Resistance)} for each
susceptible, intermediate, and resistant strain to each anti-
biotic. Bacterial strains with moderate susceptibility in
antibiotic sensitivity tests were classified as resistance.

Collected data were analyzed using SPSS 18.0 program.
Differences according to gender and age groups were eva-
luated using Chi-square and t tests. In order to evaluate the
difference in incidences among the age groups, goodness of
fit was determined by Chi-square test, and cross-tabulation

analysis was done to establish significant differences in the
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incidence of UTI, by gender among the age groups. Stati-
stical significance was considered when P value was less
than 0.05.

Results

1. Age and gender distribution of UTI patients

Among 683 cases, 443 (64.9%) were male and 240 (35.1
%) were female. Patients’ age less than 6 months accounted
for the majority (n=335, 49%), followed by 6-12 months
(n=192, 28%), 12-24 months (n=53, 7.8%), 24-60 months
(n=50, 7.4%) and >60 months (n=53, 7.8%). Thus, 77.2% of
childhood UTI developed at the age under 24 months. The
incidence of UTT in age <6 months group was significantly
higher than others (P<0.001), and female incidence was
higher only in 24-60 months age group compared to other
female age groups (P<0.001, Table 1).

2. Identification of etiologic strains of UTI

Escherichia coli occurred in most cases (n=527, 77.2%),
followed by Klebsiella species (n=73, 10.7%) and Entero-
bacter species (n=27,4.0%). Among 24 patients who showed
unusual pathogenic strains of UTT such as Staphylococcus,
Enterococcus, and Streptococcus, 10 (42%) were found to
have underlying disease or conditions such as De Lange
syndrome, cerebral palsy, corpus callosum agenesis, cere-
bral infarction, ridden state, and systemic steroid use (Table
2).

3. Distribution of pathogens according to the age of
patients

Escherichia coli was the most common etiologic strain

in all age groups (69.8% to 79.3%), and Klebsiella species

Table 1. Age and Gender Distribution of Children with UTlin an
Urban Area of Korea (2012-2017)

: Gender
Age in months Number (%)
Male Female

<6 254 (75.8) 81(24.2) 335 (49.0)
6-12 118(61 5) 74 (38.5) 192 (28.1)
12-24 34 (64.2) 9(35.8) 53(7.8)
24-60 2(24.0) 38 (76.0) 50(7.3)
>60 25(47.2) 28(52.8) 53(7.8)
Total 443 (64.9) 240 (35.1) 683 (100.0)

Abbreviation: UTI, urinary tract infection.
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was the second most common (4.0% to 17.0%). Citrobacter
was identified 0.9-2.8% in under 24 months age groups
and, Enterobacter 2.6-6.3% in under 12 months. Proteus
mirabilis showed low frequency (1.0-7.7%) after 6 months
of age (Table 3).

4.Incidence of Escherichia coli according to age and
gender of patients
Incidence of Escherichia coli as the etiology of UTT was
the highest (at 84.0%) in the age group of 24-60 months. It
was not significantly different by gender (77.0% in males
vs. 77.5% in females, P=0.876). There was no significant

Table 2. Identification of Pathogenic Strains in Children with UTI
(2012-2017)

Number of
patients (%)

527 (77 2)
107)

Gram stain Strains

Gram (-) Escherichia coli
Klebsiella species
K oxytoca
K. ozaenae
K. pneumonia
Enterobacter species
E. aerogenes
E cloacae
Citrobacter species
C braakii
C freundii
C koseri
Proteus mirabilis 1
Acinetobacter baumannii
Morganella morganii
Pseudomonas aeruginosa
Raoultella planticola
Serratia marcescens
Providencia rettgeri
Gram (+) Staphylococcus species
Coagulase Negative Staphylococcus
S. aureus
Enterococcus species 1
E avium
E faecalis
E. faecium

O O O O = O O O O O o o O
W O X = o = N = = Ww w w

Streptococcus species
S. agalactiae
S. pyogenes

w — W N O = N = D= = NN N WO N o —

S. viridans group except S. pneumoniae

Abbreviation: UTI, urinary tract infection.
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difference among age groups either (P=0.302) (Table 4)..

5.Incidence of ESBL(+) Escherichia coli by age and
gender of patients

Among a total of 527 E. coli-identified cases, ESBL-pro-
ducing, ESBL(+) E. coli strains were found in 126 (24%)
cases, including 89 (70.6%) males and 37 (29.4%) females.
Frequencies of ESBL(+) E. coli were not significantly diffe-
rent according to gender or age of patients (P=0.110 or P=
0.100, respectively) (Table 5).

6. Annual incidence of ESBL(+) Escherichia coli

A total of 126 ESBL(+) E. coli cases were found, including
5 (4.0%) in 2012, 22 (17.5%) in 2013, 12 (9.5%) in 2014, 16
(12.7%) in 2015, 25 (19.8%) in 2016, and 46 (36.5%) in 2017.
There was an obvious incremental tendency in the occur-
rence of ESBL(+) E. coli cases by year (Fig. 1).

Over a six year-period from January 2012 to December
2017, the occurrence of ESBL(+) E.coli case has increased
from 25.0% in 2012 to 31.9% in 2017. However, its incidence
was not significantly different during these years (P=0.097,
Table 6)

7. Antibiotic resistance of general and ESBL(+) strains
of Escherichia coli

As aresult, the resistance rate of ampicillin was 71.7%

and that of amoxicillin/clavulanic acid was 33.6%. Resis-

tance rates against third- and fourth- generation cephalo-

36.5%

19.8%
17.5%

12.7%
9.5%

4%
[ ]

2012 2013 2014 2015 2016 2017

Fig. 1. Annual number of patients with ESBL-producing Escheri-
chia coli in children with UTI living in urban areas of Korea
(2012-2017). Extended spectrum beta-lactamase producing,
ESBL(+) E.coli strains were found in 126 patients during the last
six years, and the annual report of its occurrence gradually in-
creased from 5 (4.0%) in 2012, to 46 (36.5%) in 2017. However,
there was no statistical significance in the incidence of ESBL(+) £
coli among total urinary tract infections (P=0.097).
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Table 3. Incidence of Pathogenic Strains of UTl according to Age of Patients (2012-2017)
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Number of patients (%)

Gram stain Pathogens
<6 mo. 6-12mo. 12-24 mo. 24-60mo. >60 mo.
Gram (-) Escherichian coli 265 (79.3) 145 (75.9) 38(73.1) 42 (84.0) 37(69.8)
Klebsiella 29 (8.7) 29(15.2) 4(7.7) 2 (4.0) 9(17.0)
Enterobacter 21(6.3) 5(2.6) 0(0.0) 1(2.0) 0(0.0)
Citrobacter 3(0.9) 5(2.6) 3(5.8) 0(0.0) 0(0.0)
Proteus 0(0.0) 2(1.0) 4(7.7) 3(6.0) 1(1.9)
Acinetobacter 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(5.7)
Morganella 0(0.0) 0(0.0) 1(1.9) 0(0.0) 1(1.9)
Pseudomonas aeruginosa 1(0.3) 0(0.0) 0(0.0) 0(0.0) 1(1.9)
Serratia marcescens 1(0.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Gram (+) Enterococcus 7(.0) 2(1.0) 1(1.9) 1(20) 1(1.9)
Staphylococcus 2(0.6) 1(0.5) 1(1.9) 1(2.0) 0(0.0)
Streptococcus 5(1.5) 2(1.0) 0(0.0) 0(0.0) 0(0.0)
Total (100) 334(49.1) 191 (28.1) 52(7.6) 50(74) 53(7.8)

Abbreviation: UTI, urinary tract infection.

Table 4. Incidence of Escherichia coli as the Etiology of UTI
according to Age and Gender of Patients (2012-2017)

Table 5. Incidence of ESBL-producing Escherichia coli according
to Age and Gender of Children with UTI (2012-2017)

E coli  Non-£ coli N (%) P-value

Sex Male  341(77.0) 102(33.0) 443(100.0) 0876

Female 186(77.5) 54(225) 240(100.0)

Total 527(77.2) 156(22.8) 683 (100.0)
Age inmonth <6 265(79.1)  70(209) 335(100.0) 0302

6-12 145 (75.5) 47 (24.5) 192 (100.0)

12-24 38(71.7) 5(283) 53(100.0)

24-60 42 (84.0) 8(16.0)  50(100.0)

>60 37(698) 16(30.2)  53(100.0)

Total 527(77.2) 156(22.8) 683 (100.0)

Abbreviation: UTI, urinary tract infection.

sporin were 23-26%. Resistance rate to ertapenem, imipe-
nem, and tigecycline was 0.0%. Antibiotic resistance rates
of ESBL(+) E. coli to ampicillin, amoxicillin/clavulanic acid,
and third/fourth generation cephalosporin were signifi-
cantly high; 100.0%, 49.2%, and 90.0%, respectively. Their
resistance rate to ertapenem, imipenem, and tigecycline
was 0.0%, which was the same as the resistance rate of all
E. coli strains. Resistance rates to antibiotics other than
amikacin were statistically significant between ESBL(+)
and ESBL(-) E. coli (P<0.05, Table 7).

8.Incidence of ESBL(+) pathogens according to recur-
rence rate of UTI

Among 550 patients, ESBL(+) was identified in 146 (26.5

%). Among these, 126 were E. coli and 20 were Klebsiella

N L

Sex Male 89(26.1)  252(73.9) 341(100.0) 0.110

Female 37(19.9) 149(80.1) 186(100.0)

Total  126(239) 401(76.1) 527(100.0)
Ageinmonth <6 60(226) 205(774) 265(100.0) 0.100

6-12 36(248) 109(75.2) 145(100.0)

12-24 4(368) 24(63.2) 38(100.0)

24-60 12(286)  30(714)  42(100.0)

>60 4(108)  33(89.2)  37(100.0)

Total 126 (100.0) 401 (100.0) 527 (100.0)

Abbreviation: UTI, urinary tract infection; ESBL, extended spectrum beta-
lactamase.

Table 6. Annual Incidence of ESBL-producing Escherichia coli in
Children with UTI Living in an Urban Areas of Korea (2012-2017)

2012 2013 2014 2015 2016 2017
ESBL(+) 5 22 12 16 25 46
n=126 (25.0) (26.2) (214) (18.8) (181 (319
ESBL(-) 15 62 44 69 113 98
n=401 (750)  (738) (786)  (81.2)  (819)  (68.1)
N=527 20 84 56 85 138 144
(100.0) 3.8) (16.0)  (106)  (16.1) (26.2) (27.3)

Abbreviations: UTI, urinary tract infection; ESBL, extended spectrum beta-
lactamase.

species. UTI recurred 220 times in 87 patients; averaging
2.52 and up to 7 times per patient. The recurrence rates of
UTI seems to be related with the incidence of ESBL(+), but
there was no significant difference between the frequency
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of ESBL(+) and relapses of UTI (P=0.728, Table 8).

9.Incidence of VUR according to UTl recurrences

No significant statistical differences were found in the
distribution of the severity of vesico-ureteral reflux (VUR)
between recurrent (n=87) and non-recurrent UTI groups
(n=463) (P=0.194). However, VUR was present significantly
higher in recurrent group (45.9%, 34 out of 74 patients) than
in non-recurrent group (33.5%, 77 out of 230 patients) (P=
0.002, Table 9). In 87 recurrent UTI patients, the rate of
ESBL(+) was not different by the degree of VUR (P=0.477),
nor to the presence of VUR (P=0.618, Table 10).

Discussion

Among the 683 pediatric cases diagnosed with UTT at
our institute from 2012 to 2017, 64.9% were male and 35.1%

Table 7. Comparison of Antibiotic Resistances of Escherichia
coli Species according to the Presence of ESBL in Children with
UTI (2012-2017)

Resistance (%)

Anitlsiigiiics General ESBL(+) y
Ecolistrains  Ecoli strain Alue
(n=527) (n=126)
AMIKACIN 02 038 0.086
AMOX/CLAVULANIC ACID* 336 492 <0.001
AMPICILLIN 71.7 100.0 <0.001
AZTREONAM 239 99.2 <0.001
CEFAZOLIN 31.1 99.2 <0.001
CEFEPIME 23.7 99.2 <0.001
CEFOTAXIME 269 99.2 <0.001
CEFOXITIN 70 12.7 <0.001
CEFTAZIDIME 254 99.2 <0.001
CIPROFLOXACIN 23.5 38.1 <0.001
ERTAPENEM 0.0 0.0 NS
GENTAMICIN 249 444 <0.001
IMIPENEM 00 00 NS
PIPERACILLIN/TAZOBACTAM 99 16.7 <0.001
PIPERACILLIN 69.2 100.0 <0.001
TETRACYCLINE 308 25.0 <0.001
TIGECYCLINE 0.0 0.0 <0.001
NITROFURANTOIN 7.7 0.0 0.004
NORFLOXACIN 231 25.0 <0.001

Abbreviations: ESBL(+), extended spectrum beta-lactamase producing;
The general £ coli strains are including ESBL(+) £.coli group.; NS, no
significant difference between ESBL(+) and general £. coli strains.,; *
AMOXICILLIN/CLAVULANIC ACID.
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Table 8. Incidence of ESBL(+) Pathogens according to the
Recurrence Frequency of UTI (2012-2017)

Number of UTI ESBL producibility of pathogens

attacks ESBL (+) ESBL () Subtotal

1 113 (24.4) 350 (75.6) 463 (84.2)
2 22 (36.7) 38(63.3) 60 (10.9)
3 6(33.3) 12 (66.7) 18(3.3)

4 2 (66.7) 1(33.3) 3(0.5)

5 2(66.7) 1(33.3) 3(0.5)

6 1(50.0) 1(50.0) 2(04)

7 0(0.0) 1(100.0) 1(0.2)
Total 146 (26.5) 404 (73.5) 550 (100.0)

Abbreviations: UTI, urinary tract infection; ESBL, extended spectrum
beta-lactamase; Numbers in parentheses are percentages; ESBL(+) strains
include both 126 of £ coli and 20 of Klebsiella species, respectively.

Table 9. Incidence and Severity of VUR according to the Recur-
rence of Infections in Children with UTI (2012-2017)

UTI Occurrence

VUR Grade P-value
Non-recurrent Recurrent
No data 233 13 0.194*
0 153 40 0.002'
1 12 2
2 24 11
3 24 1
4 9 7
5 8 3
Total 463 87

Abbreviations: VUR, vesico-ureteral reflux; UTI, urinary tract infection; No
data means the corresponding patients had not received VUR study.
*P=0.194is for comparison of VUR severity between recurrent and non-
recurrent group.

P=0.002 is for comparison of VUR incidence whether UTI recurs or not.

Table 10. Comparison between Severity of VUR and ESBL Pro-
ducing by Pathogens in 87 Patients with Recurrent UTI

ESBL producing
VUR Grade P-value
ESBL (+) ESBL (-)
No data 5 8 0477*
0 18 22
1 0 2
2 3 8
3 4 7
4 3 4
5 0 3
Total 33 54

Abbreviations: VUR, vesico-ureteral reflux; ESBL, extended spectrum
beta-lactamase; UTI, urinary tract infection; No data means the corre-
sponding patients had not received VUR study.

*P=0.477 is for comparison of distribution of VUR severity between ESBL
(+) and ESBL(-) group.
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were female. This is similar to previous studies showing a
higher prevalence in male children including neonatal pe-
riod, and higher incidence in females after childhood, ex-
cept for those aged above 50 years'”. High incidence rate of
UTTI in lower age groups of male might be due to poor pe-
nile hygiene during diaper wearing period. Current study
indicated the prevalence of UTI in females was lower than
that of males in early childhood, but then increased with
age: from 24.2% in age <6 months, to 58.2% in age >5 years
(Table 1).

Several investigators have reported that pathogens of UTI
are mainly enterobacteria, including E. coli and Enterobac-
teriaceae. Hooton and Stamm have reported that in the
United States, E. coli, Staphylococcus, Enterococcus, and
other Gram-negative organisms account for 75-90%, 5-15%,
and 5-10% of all UT]I, respectivelylz). In the present study,
the ratio of E. coli was highest at 77.2%, followed by Kleb-
siella at 10.7% and Enterobacter at 4.0%, showing that the
portion of Gram-negative bacterial infections other than
1 UTI is mostly
caused by ascending route through colonization and pro-

E. coli should be taken into account

pagation of pathogens of lower gastrointestinal tract to
perineum, urethral opening, inside urethra, then finally to
the kidney”. Consequentially, most common causative
organism of UTT is E. coli, while non-E. coli cases account
for about 10-35%">"”. We have a similar result of non-E.
coli UTI at 23%, whilst a domestic study reported 32.9%'".

We investigated the frequency of ESBL-producing ESBL
(+) E. coli strains. UTI caused by ESBL(+) E. coli has been
increasing in numbers for the last 6 years. The average pre-
valence rate of ESBL(+) E. coli was 24.0% in this study,
which is lower than those of foreign reports, at 33-69%.
However, the incidence has increased up to 36.5% in 2017,
drawing more attention for ESBL(+) E.coli infections. It
was also found that 113 out of 463 patients were ESBL(+) at
the time of their first visit, which led to estimate the com-
munity prevalence rate of ESBL(+) uropathogen to be
around 24.4% in children (Table 8).

In this study, antibiotics with resistance rates below 10%
were amikacin, cefoxitin, ertapenem, imipenem, pipera-
cillin/tazobactam, tigecycline, and nitrofurantoin. Third-
and fourth- generation cephalosporin such as cefepime
(23.7%) and cefotaxime (26.9%) showed relatively low resis-

tance rates, whereas ESBL(+) E. coli showed high resistance

www.chikd.org

rate to third- and fourth-generation cephalosporin such as
cefepime (99.2%) and cefotaxime (99.2%). However, a con-
siderably low resistance rate was displayed against carba-
penem series antibiotics such as ertapenem (0.0%) and imi-
penem (0.0%). For E. coli not producing ESBL, it seems
reasonable to consider third- and fourth-generation cepha-
losporin as the first line antibiotics. For patients with ESBL
(+) E. coli cultured or serious clinical conditions, carba-
penem series might need to be considered initially.

Nationally, the common regime for UTI treatment is to
give empirical antibiotics firstly right after diagnosis, and
to discharge the patient or schedule the next visit, if there
are apparent clinical improvements for a few days. After
completing two weeks of antibiotics administration, the
patient will come and receive tests for confirming suc-
cessful treatment. At times, the patient is informed late that
he or she had ESBL(+) bacterial infection, even though the
final follow-up tests are normal: no clinical sign, urine cul-
ture negative, and no pyuria. For such cases, we should pay
close attention to prevent incomplete treatment or recur-
rence of UTL

Throughout the current cases, the recurrence rate of UTI
between ESBL(+) and ESBL(-) patients showed no signific-
ant difference (Table 8), but greater in patients with vesico-
ureteral reflux (VUR). Severity of VUR did not affect the
recurrence (Table 9).

In Korea, antibiotics are occasionally prescribed for
treating simple pediatric febrile illnesses at primary care
institutions, and this may lead to increases in antibiotic re-
sistance of bacteria and also to more serious renal damage,
due to delayed or incomplete treatment in those misdiag-
nosed UTI as simple pharyngitis or acute otitis media. It
was acknowledged that susceptibility of E. coli to third- or
fourth- generation cephalosporin was higher than that to
ampicillin or amoxicillin/clavulanic acid. Also, ESBL(+) E.
coli showed higher resistance rate to third- or fourth-
generation cephalosporin than ESBL(-) E. coli. As a result,
empirical choice of antibiotics for UTI treatment may not
be safe anymore due to increased frequency of ESBL(+) E.
coil up to one quarter of the cases. Therefore, treatment
guideline for UTI should be looked into, reflecting the re-
cent findings of antibiotic resistance of pathogens and host
characteristics.

Choosing antibiotics for UTT treatment will become more
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difficult as the incidence of ESBL(+) E.coli is becoming
more common. The success rate of primary treatment with
empirical antibiotics will be lowered, and, the renal da-
mages will be more serious.

The number of research subjects was much reduced, be-
cause this study included single bacterium cultured cases
exclusively. In order to obtain more accurate and useful
information for UTI treatment, additional researches
should be done through extension of research period and

expansion of inclusion range of patients.
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